Introduction {#Sec1}
============

The Medical Outcomes Study (MOS) Short-Form General Health Survey (SF-36) is a self-reported multidimensional measure of general health status or quality of life \[[@CR1]\]. It produces eight scales of health status: physical functioning (PF), role limitation caused by physical health problems (RP), bodily pain (BP), general health perceptions (GH), vitality (VT) for energy levels and fatigue, social functioning (SF), role limitation because of emotional problems (RE) and mental health (MH). Lower scores on these scales reflect poorer health. The number of items in each sub-scale varies from two (SF and BP) to ten (PF), and therefore, sub-scales such as SF may exhibit more measurement errors than those with more items. Nevertheless, the SF-36 has been tested for use in the United Kingdom \[[@CR2]\] and shown considerable evidence for construct validity and reliability of the scores.

The suitability of SF-36 for use in older people is the subject of ongoing discussion due to the relatively poor levels of item response, including the inability to compete SF-36 with increasing age and the relevance of the items to older people \[[@CR2]--[@CR4]\]. Limited research has been done on variations of the psychometric properties of the scores in older people. For instance, if a scale is found to have hierarchical properties, then this indicates that items are ordered relative to one another along the latent trait being measured \[[@CR5]\]. This property can also be interpreted as measuring the extent to which items in the scale are measuring the same trait or property (unidimensionality). Researchers have sometimes inappropriately used Cronbach's alphas to represent unidimensionality \[[@CR6], [@CR7]\] when it is known that alpha can take a high value even when the set of items measures several unrelated latent constructs \[[@CR8], [@CR9]\]. A non-parametric item response model, known as Mokken scaling, can provide a useful alternative to determine whether hierarchical scales exist in the collection of items and hence obtain a measure of 'unidimensionality' \[[@CR10]\]. A detailed description of hierarchical properties and the assumptions underlying of Mokken scaling is provided elsewhere \[[@CR5], [@CR11]\].

The other characteristic of interest is whether the measurements are precise or internally consistent (reliability). This measures the variation of the test results if the test is repeated under comparable circumstances. Data from the Dutch National Study have been used to examine these properties, but this was for a wide age range of adults using a Dutch version of the scale \[[@CR11]\].

HALCyon--Healthy Ageing across the Life Course---is a collaborative research programme using data from up to nine UK narrow age range cohorts to examine how factors across the life course influence healthy ageing in older people. We used data from three of these cohorts to evaluate the unidimensionality and internal consistency (reliability) of the SF-36 sub-scales.

Methods {#Sec2}
=======

This study uses data from the Hertfordshire Ageing Study, the Hertfordshire Cohort Study and the Aberdeen Birth Cohort 1936 \[[@CR12]--[@CR14]\] .

The Hertfordshire Ageing Study (HAS) {#Sec3}
------------------------------------

From 1911 to 1948, details of each birth in Hertfordshire, United Kingdom including birthweight, was recorded by the attending midwife and held in central registers. The National Health Service Central Register was used to trace singleton infants born to married mothers. Those still living in Hertfordshire who had been born between 1920 and 1930 were invited to take part in research into life course influences on ageing \[[@CR12]\]. Of 1,428 people invited to participate in the initial study in 1994--1995, 824 (58%) agreed to a home interview and 717 attended a clinic for further assessments. In 2003--2005, a follow-up study was carried out when the participants were aged between 72 and 83 years. In total, 359 men and women (60% of those surviving) were interviewed, during which 349 completed the SF-36.

The Hertfordshire Cohort Study (HCS) {#Sec4}
------------------------------------

In 1998--2004, men and women born in Hertfordshire between 1931 and 1939 and still living in the county were recruited to a new, larger cohort study in order to evaluate interactions between the genome, the intrauterine and early postnatal environment, and adult diet and lifestyle in the aetiology of chronic disorders in later life \[[@CR13]\]. Of 6,099 men and women approached, 3,225 (53%) agreed to be interviewed at home. As part of the interview, 3,215 people completed the SF-36.

The Aberdeen Birth Cohort 1936 (ABC) {#Sec5}
------------------------------------

On 4 June, 1947, as part of the Scottish Mental Survey, all children born in 1936 who attended school in Scotland sat a test of mental ability, a version of the Moray House Test No. 12. Records of these tests on the 70,805 children who took part were preserved. In 1999--2001, 567 of these people who were living in the Aberdeen area were invited to take part in a study of life course influences on cognitive ageing \[[@CR14]\]. Of the 506 (89%) who took part, 429 completed the SF-36.

Statistical methods {#Sec6}
-------------------

The Mokken scaling model, a non-parametric model, was applied to each sub-scale of SF-36 in order to evaluate unidimensionality. The extent to which a set of items is scalable is given by the Loevinger's coefficient (H), which is a measure of how well the set of items meet the hierarchical criteria of Mokken scales. *H* will be calculated for individual items in terms of the number of items that violate hierarchical assumptions relative to other items, and an overall *H* can be calculated for a set of items. The lower bound for reliability was determined by Cronbach's alpha \[[@CR11]\]. Mokken scaling was performed using the module *MSP* in STATA 10.

Results {#Sec7}
=======

Table [1](#Tab1){ref-type="table"} presents summary statistics of each of the three British cohorts. HAS participants were, on average, 10 years older than the other two cohorts. Compared with the youngest cohort, ABC 1936, HAS participants scored lower on six of the eight sub-scales of the SF-36.Table 1Mean (SD) and median scores SF-36 sub-scales in three British cohortsHertfordshire Ageing StudyHertfordshire Cohort StudyAberdeen Birth Cohort 1936Males (*n* = 208)Females (*n* = 150)All (*n* = 358)Males (*n* = 1,682)Females (*n* = 1,540)All (*n* = 3,216)Males (*n* = 206)Females (*n* = 222)All (*n* = 428)Age in years, mean (SD)76.2 (2.4)\
76.075.8 (2.1)\
76.076.0 (2.3)\
76.065.6 (2.9)\
65.766.6 (2.7)\
66.466.1 (2.9)\
66.164.6 (0.9)\
64.764.7 (1.0)\
64.864.6 (0.9)\
64.7Sub-scale Physical functioning67.9 (26.6)\
75.059.7 (27.6)\
65.064.5 (27.3)\
70.083.9 (21.1)\
90.075.4 (23.9)\
85.079.8 (22.9)\*\
90.076.7 (25.2)\
85.073.9 (24.5)\
80.075.2 (24.8)\
85.0 Role physical63.1 (42.6)\
75.058.8 (42.4)\
75.061.3 (42.5)\*\
75.083.1 (32.8)\
10077.8 (37.0)\
10080.5 (34.9)\
10078.5 (37.7)\
10080.9 (36.5)\
10079.7 (37.1)\
100 Bodily pain71.2 (24.9)\
74.064.0 (25.6)\
62.068.2 (25.4)\
72.075.6 (23.3)\
84.070.2 (25.3)\
72.073.0 (24.4)\
72.073.6 (23.9)\
74.072.9 (24.0)\
84.073.2 (23.9)\
74.0 General health63.6 (20.8)\
67.063.9 (20.0)\
67.063.8 (20.5)\*\
67.071.3 (19.5)\
75.070.8 (20.3)\
75.071.1 (19.9)\
75.068.9 (20.7)\
72.973.5 (19.2)\
77.071.3 (20.1)\
76.0 Vitality63.0 (19.9)\
65.056.6 (17.4)\
55.060.3 (19.2)\*\
60.069.1 (18.6)\
70.063.6 (19.2)\
65.066.5 (19.1)\*\
70.069.9 (18.8)\
75.067.6 (19.4)\
70.068.7 (19.1)\
73.3 Social functioning83.8 (23.4)\
10079.9 (23.8)\
87.582.2 (23.6)\*\
10091.2 (18.0)\
10087.7 (21.7)\
10089.6 (19.9)\
10089.5 (20.5)\
10088.4 (21.1)\
10088.9 (20.8)\
100 Role emotion81.7 (35.2)\
10072.5 (38.7)\
10077.8 (36.9)\*\
10093.3 (21.9)\
10089.4 (27.4)\
10091.4 (24.8)^\*^\
10088.3 (28.2)\
10086.8 (30.2)\
10087.5 (29.2)\
100 Mental health79.8 (14.9)\
84.072.3 (18.6)\
76.076.6 (16.9)\*\
80.082.7 (14.6)\
88.077.0 (15.6)\
80.080.0 (15.3)\
84.082.2 (15.2)\
88.079.4 (16.6)\
84.080.9 (16.0)\
85.0\* *P* ≤ 0.01 from multiple linear regression model for each of the eight sub-scales of SF-36 adjusted for age, sex and cohort (reference category was the Aberdeen Birth Cohort)

The scalability and reliability coefficients of the sub-scales of SF-36 are given in Table [2](#Tab2){ref-type="table"}. Using established guidelines for interpretation, a Mokken scale of 0.4 ≤ *H* \< 0.5 indicating medium scalability and 0.5 ≤ *H* \< 1 strong scalability \[[@CR5], [@CR11]\], then all sub-scales of all cohorts have strong scalability (*H* \> 0.6), with the exception of the GH and MH sub-scales (*H* \< 0.5) in the Hertfordshire cohorts.Table 2Scalability (as assessed by Loevinger's H and reliability (as assessed by Cronbach alpha) of SF-36 sub-scales in three British cohortsScaleHertfordshire Ageing Study (*n* = 349)Hertfordshire Cohort Study (*n* = 3,215)Aberdeen Birth Cohort 1936 (*n* = 475)HReliabilityHReliabilityHReliabilityPhysical functioning0.650.920.710.920.700.92Role physical0.770.900.800.910.830.92Bodily pain0.790.830.790.790.820.84General health0.420.740.460.770.540.81Vitality0.550.800.590.830.600.83Social functioning0.570.710.710.800.770.85Role emotion0.780.870.770.860.810.87Mental health0.420.760.430.770.510.82

In terms of internal consistency (reliability), the Cronbach's alphas fall between 0.7 and 0.8 for all sub-scales, except for PF (0.92) and RP where they are between 0.90 and 0.92.

Table [3](#Tab3){ref-type="table"} presents the scalability and reliability of the individual items of SF-36. With the exception of the items in the general health and mental health sub-scales of the oldest cohort (HAS), items in the other sub-scales and for the other cohorts have an *H* coefficient of greater than 0.4. In particular, across all the cohorts, items in RP, BP and RE exhibited an *H* coefficient of greater than 0.7. As for the overall results, the Cronbach's alphas fall between 0.7 and 0.8 for all sub-scales, except for PF (greater than 0.9) and RP (between 0.8 and 0.9) and some items in the GH sub-scale (less than 0.7) especially for the oldest cohort (HAS).Table 3Scalability (as assessed by Loevinger's H) and reliability (as assessed by Cronbach alpha) of individual SF-36 items in three British cohorts (as assessed by Hertfordshire Ageing Study (*HAS*), Hertfordshire Cohort Study (*HCS*), Aberdeen Birth Cohort 1936 (*ABC*))ItemsHASHCSABCHReliabilityHReliabilityHReliabilityPhysical functioning Vigorous activities0.450.930.680.920.530.93 Moderate activities0.690.910.710.910.710.91 Lifting/carrying0.670.910.680.910.690.91 Climbing several flights0.670.910.690.910.700.92 Climbing one flight0.750.900.750.910.730.91 Bending/kneeling0.600.910.630.920.680.92 Walking \> 1 mile0.670.910.730.910.720.91 Walking several blocks0.730.900.760.910.780.91 Walk one block0.680.910.770.910.780.91 Bathe, dress0.650.910.680.920.710.92Role physical Cut down amount of time0.790.890.860.900.880.90 Accomplishes less0.770.850.790.870.810.90 Limited kind of work0.790.850.790.870.830.89 Had difficulty0.740.880.780.880.800.90Bodily pain Had bodily pain0.790.830.790.800.820.84 Pain interfere0.790.830.790.800.820.84General health General health is..0.480.670.530.700.630.75 Sick easier0.380.720.440.750.530.79 As healthy as0.380.710.490.700.510.78 Expect get worse0.340.730.310.790.450.82 Is excellent0.510.630.550.670.620.73Vitality Full of pep0.570.740.600.780.600.80 Lot of energy0.550.760.590.780.600.80 Worn out0.540.760.570.790.590.79 Feel tired0.540.750.600.770.620.78Social functioning Social extent0.570.710.710.840.770.85 Social time0.570.710.710.840.770.85Role emotion Cut down time0.750.810.780.800.790.80 Accomplished less0.860.770.820.760.870.82 Not careful0.730.850.720.840.790.81Mental health Nervous0.340.760.370.760.470.79 Down in dumps0.500.680.480.710.570.76 Peaceful0.450.710.450.720.530.78 Blue/sad0.480.680.490.700.580.75 Happy0.350.760.410.750.430.82

Discussion {#Sec8}
==========

To our knowledge, this is the first report of these psychometric properties of SF-36 using data specifically obtained from older people. We found that with the exception of the GH and MH, which showed medium scalability, all other sub-scales demonstrate strong scalability. The results are consistent across all the three cohorts, providing evidence that items in each of the eight sub-scales have measured the same trait or property. There was no evidence of regional differences between Hertfordshire and Aberdeen in terms of unidimensionality.

Individual items 'I seem to get sick a little easier than other people', 'I'm as healthy as anyone I know' and 'I expect my health to get worse' of the general health sub-scale and the 'have you been a very nervous person', 'have you been a happy person' of the mental health sub-scale have low scalability in the oldest cohort. These items may be modified or removed from the sub-scales for the older population as they may have difficulty in responding to or endorsing these items.

In terms of reliability, the Cronbach's alphas are high enough for research purposes (between 0.7 and 0.8) for all sub-scales, while for physical functioning (0.92) and role limitation caused by physical health problems (0.90, 0.92) they reach levels high enough for clinical application (decisions about individuals). These results broadly concur with those found from a study using a Dutch language version of SF-36 \[[@CR11]\], with the exception that we have also found the reliability of the role physical sub-scale to be high enough for clinical application.

Conclusion {#Sec9}
==========

The consistency of our findings across three cohorts supports the usefulness of all the sub-scales for research purposes and suggests that the sub-scales physical functioning and role limitation caused by physical health problems could also be used for clinical purposes. Our results suggest that caution is needed when interpreting results for sub-scales with poor unidimensionality. There is some scope, therefore, for modification of items in the general health and mental health sub-scales of SF-36 for older populations (aged 73+).
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